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1.0 Background 


Increasing population, aspirations for improved living standards and general 
economic"’ and industrial growth in India sustains an increasing energy demand. 
Howe%'er, due to the environmental constraints and the risks associated with high 
dependence on fossil fiiel based energy generation, further capacity additions with 
conventional centralized methods of power generation would be questionable. As 
a result of increased attention towards alternative forms of energy and methods of 
conversion, significance of renew’able energy de\ices operating in dispersed and 
decentralized mode, as serious compo¬ 
nents of modem energy supply has^ 
been giowing Wind energy is one of 
the clean "and renew^able energy^ 
sources which holds the promise of 
meetins a significant portion of energy 
demand in both, direct grid connected 
mode, stand alone as well as remote 
‘niche' applications (eg. water 
pumping, clesalination, telecommuni¬ 
cations ""etc ) m developing countries 
like India 

Large scale utilization of wind 
energ\' for"’power generation in Califo¬ 
rnia,"’Europe and India and demons- 
tiation projects in several other 
developing countries (table 1) have 
beyond doubt established the viability 
of this technology in potentially wundy 
regions In developing countries 
renewable energy technologies and 
amongst them wind technology have a 
very important role to play m meeting 
the increasing energy needs while 
ensuring sustainable development 
There has been a general increase in 
the aw'areness towards wind energy 
technologies all over the world A 
great deal of interest is being showm 
by media, academicians, students, 
international funding and aid 
organizations, environmentalists, 
industries and policy makers. More 
people are seeking information on 
wind pow'crcd systems than ever 
before. In the next few sechons of this 
document, a general review of the 
different types of wind energy systems 
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Table 1: Windfarms Worldwide. 
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3.0 Developments and Prospects in India 


India has been quick to realize the potential and significance of wind power. Till 
recently, the country was regarded as a region with^'low or mediocre wind speeds 
However, wind mapping and wind monitoring program initiated by the Ministry of 
Non-conventional Energy Sources (MNES) has identified several sites (table 2) with 
adequate winds and has enabled a realistic assessment of the wind regime in the 
country. 


3.1 Wind Climatology 

Large scale flow of wind over the Indian peninsula is mostly dominated by 
the monsoon ciiculation systeni. In winter the country experiences weak pressure 
gradient as large scale How from the north and north east is blocked by the 
Himalayas. A weak cyclonic circulation is experienced in early spring Uniformly 
strong winds are experienced through out during the period March to August. South¬ 
west monsoon starts in May-June with a predominantly south-westerly flow from the 
Indian ocean The north-cast monsoon begins from October but is not as strong as 
the south-west monsoon except for in certain regions of the country' 

Annual wind speeds of over 20 kmph are experienced in the coastal Gujarat, 
Tamil Nadu, Karnataka, Andhra Pradesh and parts of Kerala and Orissa Other than 
the coastal areas, enhanced wind speeds (annual average of 25-30 kmph) are also 
observed at some inland locations due to complex terrain effects Sites that 
experience wind speeds higher than 18 kmph are listed in the table 2. 


3,2 Developments 

MNES undertook installation of a number of windpumps, stand alone systems 
and wind farms in the potential regions As of today, over 3000 wind pumps and 110 
stand alone systems of 50 w^atts lo 4 kW unit capacities have been installed in the 
different regions of the country The first grid connected windfarms in India were 
installed m"^1986 m the coastal areas of Tamil Nadu, Gujarat. Maharashtra and 
Orissa The performance of these windfarms was encouraging and the capacities at 
these sites w'as doubled While the grid connected wind turbines have performed 
well, the experience with wind pumps and stand alone systems has not been 
encouraging largely because the maintenance and monitoring of small units dispersed 
in remote regions of the country could not be effectively carried out. However, their 
remains a large potential for application of such technologies m India 

By March 1993 about 54 MW ofwlndfarm capacity (fig. 2) had been installed 
in the country This capacity comprises of 37.3 MW of demonstration windfarm 
projects including 20 MW windfarms set up under Danish aid program, 0.575 MW 
projects with individual wind turbines and 16.025 MW of windfarms under private 
sector In addition a further 16.64 MW of demonstration windfarm projects are 
presently under implementation Under favorable policies and incentives private 
sector organizations are planning or implementing several large projects in potential 
states ol which about 32 MW is planned in Tamil Nadu and the total windfram 
capacity m this state is expected to be 75 MW by March 1994, in Karnataka 24 MW 
capacity has been allocated by the government to the private sector, in Andhra 
Pradesh government has allocated land to the private sector for development of 
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130 MW windlarms and in Gujarat private sector has shown interest in setting up 
200-300 MW windlarms, about 25 MW of private sector windlarms are likely To be 
commissioned in coastal Gujarat by March 1994. An 85 MW private sector 
^^ind^arm project is planned for implementation with GEF/IDA/DANIDA assistance. 
The assistance is being channelized through Indian Renewable Energy Development 
Agency (IREDA) The 8th five )ear plan targets a total of 500 MW ^^indfarm 
projects in the country The incenti\es for setting up windfarms are summarized as 
follows* 


The private sector is allowed to set up power projects. 

All wind electric systems are exempt from central excise 

Under the Income Tax Act, the government of India is allowing 100% 
depreciation in the first year of commissioning of a windfarmr 

Soft loans for setting up windfarms, cuiTently @ 14% are beina offered 
by IREDA 

There is a concessional duty of 25% imposed on import of wind 
turbines Ho\\ever, some components listed below are allowed to be 
imported free of duty. 


IVade'i 
Gear b('X 
E.akc <'‘',sc:nbi> 
Yaw con'poncril-^ 
IJiakc Iwd.aulics 


S envois 

SpL'Liai bearings 
f liibs 

Flexible coupling 
Conn oiler par ts _ 


* The potential states are offering some additional incentives for 
windfarm dc^elopmcnts These incentives arc summarized in table 3 

Technical viability of windfarms is well established and it is estimated that 
in the potential states, 25% of the peak generating capacity can be based on wind. 
The cost of electricity generation from windfarms computed wath standard marginal 
rate of return of 12% has been found to vary from Rs 2 0/kWh to Rs 4 5/kWh 
Wind turbines are now being manufactured in India wath major indigenous 
components and some imported components. The potential slates for wind farm 
development are marked in figure 1. The windfarms installed till March 1993 are 
shown in figure 2 
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Table 2: Sites experiencing animal wind speeds over 18 kmph 
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Kayathar 

20 3 

m 

Jogimatti 

30 9 

5 

Muppandal 

25 5 

5 

Bonimanahalli 

187 

6 

Sembagaramanpudui 

21 7 

6 

Hanumanhatti 

20 4 

7 

pLiliyankulam 

189 

7 

BB Hills 

27 1 

8 

A lagiyapandiy apui am 

21 4 

Andhra Pradesh 

9 

Talayathu 

20 8 

■ 

Tirumala 

20 4 

10 

Ayikudy 

21 4 

2 

Payalakuntla 

20 5 

11 

Kaltadimalai 

23 9 

j 

Narasimhakonda 

20 2 

12 

Rameswaram 

24 3 

Bi 

Kakulakonda 

24 0 

13 

Kethanur 

22 7 

5 

MPR Dam 

20 0 

14 

Metukadai 

184 

6 

Ramagjri-I 

19 7 

15 


20 6 

7 

Bhimunipatnam 

19 1 

16 

Aiasampalayam 

21 4 

8 

Ramagiri-III 

mmmm 

n 

ndayarpalayam 

23 4 

Kerala 

18 

Otlapidaram 

18 2 

Bi 

Kanjikode 

22 3 

Gii|aiat 

2 

Kottathara 

19 5 

mm 

1 laishad 

20 0 

3 

Kottamala 

18 4 

2 

Ok ha 

19 4 

4 

Ponmudi 

19 7 

3 

Mundia 

19 4 

5 

Ramakalmedu 

30 4 


Suia|bari 

19 9 

Maharashtra 

5 

Okha Madhi 

19 0 

■ 
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Navi Bander 

19 9 

2 

Panchgani 

182 

7 

Dhank-I 

24 2 

3 

Chalkewadi 

19 9 

8 

Dhank-II 

24 9 

Lakswadeep 

9 

Kukma 

19 2 

1 

Agatti 

180 

10 

Kalyanpur 

21 9 
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Bamanbore-Il 

20.5 





Source Annual report 1992-93 MNFS 
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P otexTj . ial st ates for \VEG m India 
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1 Potential statci. for tlic Installalion ol Windlarms in India 


Windfarm installations in India 



To t al ca otj cf^.y f) S 


FiRure 2 Windlarm Inslallalions m India 





Table 3: Siimmar}' of Incentives in Different States 





4.0 State of the Art of Technology 


Wind powered systems are normally classified by applications into Grid Connected 
Wind Electric Generators (GCWEG), Autonomous and hybrid systems and Direct 
Shaft Powered S>stems ic. wind pumps (mainly for water pumping). However, 
while leviewmg llie ’state of the art of technology’, it is appropriate to classify the 
systems by their le\’els ol de\ elopment, therefore, the description should cover a 
range of systems from the windmills of the earliest times to the concepts for future 
wind pow'ered machines. 


4.1 Obsolete Wind Turbines 

The earliest lecorded traditional windmills in 
Eiiiope and some parts of Asia are not made now. 
The traditional European windmill is found mainly 
along the Atlantic coast, the North Sea, Baltic sea 
and lo some extent in the Meditemmean region 
These w'lndmills can be classified into two main 
types 1 e, rotating roofed and rotating caged 
wundmills 'fhe early American windmills are 
similar to North European windmills. 

Rotatinu-roofed wmdmills: The rotor is installed on 
a conical rool' which can turn above the 
building, made of stone The roof is 
conoecred downwards by a beam which 
allows the sails of the milfto be oriented into 
the wind Such wnndmills had four bladcd 
lotors of sail. 



.,.i_ Lj _i_ 

iMpiirc 3 Rotaling Rod led Wiiuimill 


Cl 


^ r 


Rotatmg-caged windmills The shaft of the wheel is 
linked to the cage which contains the mill 
stones and the whole mill is placed on a 
spindle 


Portuguese windmills In some Portuguese mills, 
the sails were made of triangular jib-shaped 
canvas, stretched between 8 or 10 poles. 


Ancient Persian and Chinese windmills: The 

ancient Persian windmills were vertical axis 

■ „.,r. 4 i»cnu.u.seNv, ;;? , ;;;n- windmills with a stationarv screen while the 

ancient Chinese windmill had sails which 
operated like swinging blades. 


4.2 Commercial/Proven 

Two and three bladcd horizontal axis wind turbines are being installed on a 
large scale in grid connected and autonomous modes while multi-bladed rotors arc 




used tor direct pumping ot water with reeiprocating pumps. Reciprocating pumps 
requiio gi eater initial torque which is developed to^’a gi eater extent in miiUi bladed 
tiirDines (12 to 8 blades). The vertical axis Darrieus tuibines ha\e been tried to 


some extent tor electricity generation but due to a hi ah starting torque required these 
systems could be disseminated only on a limited scale. The one blade HAWT is the 
result of an effoit to cut down material weight and cost. The problem of balancing 
IS taken care ot by a counter weight. The system though commercially a\ailable has 
not been extensively used till now\ 



ti - • f .-•'c .ifti'v 


I iKiiic S \nviciU IXrsuui Windmill 
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4.3 Demonstration/Developmental Level 

Here we describe the systems which are either being demonstrated or await 

further technological breakthioughs before being cxtensivcry used 

Variable and fixed ecometiv Darrieus rotors 
Developed at the University of Reading in 
IJ K.. This model is lesult of an effort to 
limit the speed of lolalion of a Darrieus lolor. 

Savonious loior This is a vertical axis tuibme wnth 
two halt cylinders as blades. Though not as 
elTicient a.s the horizontal axis wind turbines 
w'lth the aerofoil blades these s}'stems have 
been tbund to be useful due to the ease wnth 
which the rotor can be fabricated This rotor 
named after its inventor Sigurd Savonious 
w'as patented in 1929 Being very simple in 
construction, it has the potential for large 
scale use in decentralized mode particularT) 
in developing countries Experimentation is 
being carried out with improved versions of 
Savonious rotor 

Wmd-diesel hvbrid systems* These systems are meant for decentralized applications 
whcic the diesel consumption can be significantly reduced. Many systems 
have been installed on an experimental basis to work out the” optimum 
configurations and control strategies These systems are discussed in detail 
in section 6 0. 



I iKurc 7 Darrieus Rotors W itn Variable 
Geometry 
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SavonjoiivS-Piirnciis S\'stcms’ Ihe Darrieus lotois leqiiirc an external slaitina torque 
in ordci to reach tiie operating conditions It is possible to stall the Darrieus 
lotoi with the aid of a Sa\onius rotor 


Flappiim-Blade Machines- This is a machine ^^ith ilappin^ blades 
system results in a greatei noise and wear 


This kind of 


Nquven Vinh rotor turbine - The lotor consists of three blades made up of a half 
cylinder combined with a Hat plate. The performance of this rotor is 
comparable to that of the Savonious rotor 


Arnbak windmilf This windmill consists of two identical cylindrical parts. Each 
part has an elliptical section and is offset b} 90" with respect to the other in 
order to make the torque more uniform and' to facilitate starting 

Gvromill This windmill is somewhat similar to Darrieus rotor wdth the option of 
\ariation in blade inclination achic\ed h\ guide rods or cams Trials have 
shown that the cyclogyro has better efficiency than the classical Darrieus rotor 
at low^ speeds. 

De Lacarde design This is a Darrieus rotor with moving blades The centrifligal 
tbrccs on the centers of gravity of the eccentric (relative to axis of rotation) 
blades makes (hem turn through a certain angle resulting in the machine being 
self -1 egulating 




Iwans machine This is similar to Dc lagarde 
design but the regulation is done by means of 
a runner and a spring which applies force to 
the leading edge. 



ht > 1 ^ r, l-nr 


Iiuutc 10 Slin)iKii.(i Wind Rnlor 


Rollinu hand machines An array of blades is 
mounted on a system ol' bands passing over 
two pulleys The array is placed 
perpendicular to the wind which Hows 
through It twice A blade le versing 
mechanism alkwvs a driving Ibrce to be 
developed on both the upwind and dow nw ind 
blades 


Oscillatory machines’ This consists of an aerofoil section mounted on a system of 
articulated rods attached to pulley w'heels. The mechanical linkage is such 
that the angle of incidence changes continuously 


V-VAWT fhis machine was originally concewed by Derek Taylor at the Open 
University, U K 




S.O Grid Connected WEG 


The grid conncclcd wind electric geneiatois (GCWEG) have been installed on the 
largest scale and most of these systems arc HAWTS. The systems described in this 
seclion aic also llAWTS. The thiiist in the recent years has been to^\ards a greater 
efficiency, components leliability and a reliability: in energy supply to the end use 
As a consequence, the go\erning mechanism, cdntrols, braking system, protection, 
load management and grid interphase in these machines lends to be more 
sophisticated fhc GCWEG are produced in a wide range of ratings and sizes 
\'aiying fiom 50 kW to 6000 kW, however, the largest number of machines installed 
so far lies in the 100 k\V-300 kW range It is felt that in very near fliture most of 
commercially a^ ailablc GCWEG will be in the range of 500 kW-1 MW The 
electricity geneialed by the system \aucs with wand speeds in accordance with the 
power curve spccificd^by the suppliers* 


In an ideal WEG the power output in the cut- 
in to rated wind speed range is a cubic function of 
wind speeds However, m practice the power output^ 
response is a linear or a near quadratic function of 
wand speeds 


5,1 Subsystems of GCWEG 

'I he major subsystems and components of 
GCWEG shown in table 4 are bnehy described as 
lollows 
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Structure The main components of the structuie arc 
the fou'Cf, the nacelle and the Jnnndations 
he tow’cr height is normal!} lecommended b} 




li^utc 11 A l^pital pens cr cur vl 


the SLipplieis who allow a certain minimum cleaiance between the lowest tip 
of the blade and giound lc\cl fowcis are either tubular or lattice type. Both 
the tubular and lattice tow^ers aie usually made of galvanized steel. How'cver. 
conciete towers oi tubulai t\pc aic also in use 1 he nacelle is basically the 
engine bed ol the tiiibinc suppoiting and containing all the machinery i c 
}oto} shaft, geaf box, Inciunilic brake mechanism, generators, vow 
mechanism, some conti ols and other accessories The nacelle is mounted on 
the top ol the tower such that it can be rotated about the towxi axis by the 
yaw'in” mechanism One of the large gear w'hcels of the yawing mechanism 
is fixcti to the tower top while the other engaging member is fixed to the 
nacelle while the nacelle rests on the tow^er top on pads which are fiee to 
mo^'e and hence allow lor the yawing movement of the nacelle. The nacelle 
and its contents are covered by an FliP or metallic cover. 


1 he poN^cr cutve is chardclenzed by three charactcnstic wind speeds defined as follows Ciimn 
wind speed is that at which tlic generator is connected to the giicl and it starts generating 
electncity. Cut-out wind speed is that at which tlie gcnciatoi is disconnected and the shall is 
bulked due to excessi'/clv high wind foices on the lolor and the sliucluic and the Ratgd w'lnd 
speed IS that at which the latcd po ver of the WEG is delivciec* 
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able 4: Components and Sub-Systems of a GCWEG 


Structure 


Nacelle 


'^otor 


Control 

Unit 


Platfoim 

Security Wiie Assembly 
Tower Sections 


Foundation 


Transmission 


Generation 

System 


Brake 

Mechanism 


Yaw 

Mechanism 


Speed Inciease Gear Box 


Fiont/Rear 

Bearings 


Assembl} . .Connection 
Disk Brake 
Couplings 

V Belt Drive for twin 
generator svstem 

Large Generatoi 

Small Generator (in twin 
generator s)stem) 

Biake Oil Tank 


Yaw Gear 


Yaw' Motor 


Enmrie Bed 


Nacelle Cover' 


Cover Fi\ Attachment 


Nose Cone 
_ Hub 

Microprocessor 
Conductors & Relays 


Sensors 


RPM Sensors 
Temperature Sensors 
Vibration Sensor 
Anemometer 
Wind Vane 
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Prime Mo . \ cr Ihc pume mover of a wind tuibinoMS usually known as a rotoi. The 
lolor in Ihe case ot GCWEG has a hoiizontal a\is' and consists of 2 to 3 
h/adcs ^ 1 hese blades which have an aerofoil section arc fixed to the hub^. 
Most ol the u md electric licnerators have a uosccoue^ made of the same 
material as the blades and tixcd at the center of the lotor. The blades and 
nosecone can be made from metal allo>s (steel, aluminum) or FRP. Most of 
the blades manulactiired today arc FRP blades \\hile eailicr aluminum blades 
were also used Wood-epoxy has also been tried in some cases with 
reasonable success There are also some commeicial WEG using wood-epoxy 
for the rotor blades In some machines blade-tip is made as a separate unit 
whose orientation with respect to the balance of the blade protile can be 
changed Tip which can be activated by aerodynamic/centrifugal forces acts 
as a brake in the e^ ent of high rotational speed of the rotor In the case of a 
failure of h\draulic braking mechanism the tip-biakes act as double security 
check there by pre\enting tailure of the blades. The root of the blade is made 
either of painted, plated or galvanized steel. In some machines the complete 
blade or tip is actnated to go out of wind prior to braking m order to ensure 
soft brakins 


'ftansmission The tiansmission system of a GCWEG is housed in the nacelle. The 
gearbox normally consists of two stage gear train stepping up the RPM from 
30-40 to llOO-lbOO In the case of small wind generators, the transmission 
system consists of the lotor shaft directly coupled to the generator which is 
housed in the nacelle usually made of FRP 'fhe turbine is protected from 



Figure 12 A typical Wind Electric Generatoi 


2 Huh IS an attachment through which blades arc attached to the transmission 

3 Nosaconti covers the hub of the lotor and unifoiml) diverts wind flow on to the blades or around 
it, thus minimizing the losses 
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high wind speeds Iw autotiiiling ol the tail. 'Hie transmission svstem of wind 
pumps is diseussed in section 7 0 

Ck^neratiim Unit As mentioned above the generating unit is also mounted in the 
nacelle Most of the Grid Connected Wind Electric Generatois (GCWEG) 
ha\e induction generator as the power generating unit. The use of 
synchronous genemtors is limited This is due to various adwintages 
associated w'ltn cost, constiuction and operation of induction generators. The 
induction genciatoi consists of a fixed core, the statoi, carrying a three phase 
winding in slots on its bore A rotor, carrying a cage or slip-nng winding, 
also in slots, is ftce to rotate wnthin the stator. The stator winding is 
connected to thiee phase souicc (the grid) and a uniform rotating magnetic 
field IS piodiiccd in the gap This induces an electro motive foice (e.mtf.) in 
the rotor winding, and the ciiircnts produced interact with the rotating field 
to develop a torque 'fhe same induction generator can also operate as a 
motor If the rotoi is at icst. the frequency of the induced e ni f and currents 
m the rotor arc the same as that of the rotating field. The rotor currents, 
therefore, produce a magnetic field which rotares with the stator magnetic 
field and is diiected in opposition to it. If the rotor is free to rotate, the 
torque will cause it to move loiind in the direction of the stator field i.e the 
motor mode In genercuor mode the rotor is dru’Cii at hypersynchronous 
speed so that the slip is now' negative, the rotor, e.m f is negative and the 
total stator current has an active component m opposition to the total stator 
e m f thereby indicating conditions ol electricity being fed into the grid The 
construction "and operation of synchronous generator is much different. A d.c. 
source is used to supply current to the rotor by means of carbon brushes and 
slip rings The rotoi is rotated by the prime mover and an A C current can 
be tapped liom the stator Svnehronous generators are normalh used in large 
thermal or hydel power plants While feeding electricity to the grid, 
syncliionization is a major pioblem In case of hydel or thermal projects this 
IS achieved by varving the i p m of the prime mover till synchronous speed. 
Varying ol'r p m In tlie case of wind turbines, however, presents a dillicult 
piactical pioblem In case of WEG with svnehronous geneiators the AC 
output Irom gcneiator is lectified and invcitd is used to produce 50 IIz or 
60 11/ output"^ In some (jCWEG there are two geneiators, in order to achieve 
elfieient powei convei>ion fiom lovvei rating geneiatois at low wind speeds 
biguie 12 shows atypical wind tuibmc with Two generatois of equal capacity 

Control Unit The major lunctions of the control unit are protection and regulation 
ol the svstem A conliol unit can be a relay based system or a 
microprocessoi based svstem The typical functions of the control unit are 
dcsciibed as follows. 

« Protection asainst ov'cr speed of the propeller: An inductive sensor 
near the hub senses the r.p m of the rotor. In case the rotor r.p m. 
exceeds the specified limits, the turbine is braked and an indicator 
identifies the fault 

« Protection against hmh wind speed At wind speeds higher than cut¬ 
out wind speed the WEG has to be stopped An appropriately placed 
anemomctei senses the wind speed and at the cut-out wind speed the 
brake is actuated An indicator identifies the fault. The WEG is 
automatically reset after the average wind speed stabilizes below the 
cut-out wind speed for a certain preset period of time 
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• Protection aiiainst high vibrations A sensor mounted on the engine 
bed senses the amplitude of any vibration in the structuie. "Por 
amplitudes be>ond the safe limits the biakc is actuated and an indicator 
identifies this fault These vibiations can be caused by ice coating on 
rotor blades, tuibulenee or seismic activity. The turbine is reset 
manually after identification and rectification of the fault. 

• System protection against grid supply fluctuations: The induction 
generator operates at h\ pcr-synchronous speed of rotor. A change in 
any of the giid parameters i e voltage, frequenc} and as>’mmctr}’ in 
phases beyond certain specified limits can adversely affect" the 
geneiation mode/conditions for which generator is designed. These 
fluctuations are sensed and the gencratoi is disconnected if the limits 
aic e.\cceded Usually the machine automatically resets itself after a 
certain delay to avoid frequent braking 

• Overload protection The current drawn by brake motor, \’aw motor or 
drawn/generated by the generators is an indicator of ovciload 
conditions The currents are sensed by current transformers and if the 
value exceeds the upper limit the turbine is stopped and the fault is 
indicated 

• Temperature faults Temperature sensors in small and large gencratois 
activate the biaking system in the event of a temperature higher than 
the upper safe limit. 

• Yawinu 'fhe turning of nacelle and rotor m and out of wind is 
achie\'ed by \awing inechanism which is normally very slow to a\’oid 
uyroscopic forces Iwery time the WEG is braked due to a lault the 
nacelle-rotor assembly \aw's 90“ out of the wind For wind speeds 
bcNond cut-out wind speed the nacelle continues to remain 90“ out of 
the wind In some machines duimg the yaw'ing process the cable 
coming down from nacelle gets twisted. The control system monitors 
the niunber of twists and after a certain limit the yawing motoi is 
actuated to untwast the cable Usuall\ untwisting is allowed only 
when there is no over speed, wand speed is below the rated and the 
yaw' motor is not overloaded 

• Indicators Indicators in addition to indicating the faults also indicate 
the mode of operation for yaw (manual/automatic), geneiator start 
(manual/automatic), clockwise and counter clockwise yaw, cable 
untwist, brake operation (manual/automatic), etc . 

• Counters/meters A wind speed meter and a watt meter show the wind 
speed and the output from WEG Counters show the running time in 
hours of the generators 

5.2 Performance Evaluation of Windfarms 

It is essential to assess the performance of existing windftirms as it enables 
us to assess the suitability of the site as well as the technical performance of the 
machine in actual field conditions This also helps in future selection of technology 
and assessment of sites following arc some of the important parametcis that aic 
used to assess the performance of a wind farm. 
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Wind availability is the numbci^ of houis during which the wind speeds were wilhin 
the operational range ol the w'lnd tin bine within a i 2 ,ivcn pciiod - a da\ or 
month or a ycai. 

Machine dmvntimc is the number of hours for which the turbine did not opciale due 
to lailuie or pre^entlvc maintenance within a given period Usualh this is 
expressed in percentage. 

Grid downtime is the duration for which the grid w'as not available for reasons like 
failure, preventive maintenance, accidents etc. within a given period expiesscd 
in percentage. 

Capacity Utilization Factor fCUF) is defined as the ratio between actual energ\ 
generation in a year and the installed capacity multiplied to 8760 (365 x 24) 
hours 

A typical repoiting format for windfarm assessment is showai m table 5 


5.3 Performance of Windfarms in India 

Hie performance 
indicators for wind 
farms in Gujarat aie 
given m table 6 It can 
be seen that the techn¬ 
ical availability of wind 
turbines is above 80%, 
in the case of a recently 
installed windfarm at 
Lamba, the machine 
availability is about 
96% I'lgure 13 shows 
that Mow wind’ is a 
ma)or contributor to the 
dow'iUime followed b\ 
machine and giid faults 

The performance 

ol pitch and stall _ 

ICguIatcd (the power Figure 13 Downtime Analysis tor Windfaims in Gujarat 
curve of each is shown 

in figure 14) 200 kW wind turbines installed m Kayathar is compared in table 7 It 
can be noticed that the pitch regulated wind turbines have performed better in low 
wind speed months Surprisingly, however, the annual performance of the stall 
reaulatcd wind turbines is better than that of pitch regulated machines Incidentally, 
the pitch regulated machines are also the ones which have tw'o generators, a large 
acncrator ol 200 kW and a small generator of 25 kW. At lower wind speeds the 
small Generator will operate at a higher efficiency which could be an explanation for 
the beUer performance of pitch regulated wind turbines in lower wand speeds. The 
CUF values for various windfarms from 1987-1990 arc shown in table 8 The layout 
ol a typical windfarm comprising of a cluster of WEGs at a typical complex terrain 
site IS as shown in figure 15 
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Tabic 5: i>pical Reporting Format for wind farm 
















Tiible 6: Some indicators on Performance of Wiiidfarnis in Gujarat 


i. Parameters 

l.arnba 

U) \UV Okha 0,55 MW 

0-Mu<Hii 1.8 1 

M\V _s 

Total M/C Hrs. 

438000 


87600 

105120 

M/C Fault Ills 

15211 


6548 

18703 

1 Low Wind Hrs. 

43803 


23287 

16277 

^ M/C Down Time 
i Hrs 

1943 


993 

1799 

: Grid Fault Hrs 

15803 


6271 

4116 j 

S Grid Maint Hrs 

6993 


2971 

5009 ! 

J Total Down Time 
i. Mrs 

83753 


40070 

45904 ; 

^ Net Down Time 

i (%) 

19.12 


45 74 

43 67 i 

1 Net A\ail. (”i) 

80 88 


54 26 

56 33 

] M/C Avail C%) 

96 08 


91 39 

80 50 S 

\ M/C Fault (%) 

3 47 


7 47 

17 79 ? 

1 Low Wind (%) 

10 00 


26 58 

15 48 J 

1 M/C Down I'lme 

J (%) 

0 44 


1 13 

1.71 [i 

i Grid Fault ("o) 

3 61 


7 16 

3 92 : 

1 Grid Maint 

_1 60 
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fiible 7: A comparison of pik'h and stall regulated wind turbines operating 

at Kayathar (k\Vli/kW)" 


'• iVIonth 

Piicii regnlaied 

^SlaU t^»idiiievi 

1 Apiil IWO 

43 94 

39 36 

May 1990 

230 09 

280.22 

1 June 1990 

475 09 

490 78 1 

July 1990 

473.92 

477.00 

, August 1990 

391 41 

442 25 ; 

j September 1990 

172 85 

194 98 

: Octobei 1990 

121 04 

130.29 

, November 1990 

35 78 

33.90 

December 1990 

47 28 

34.50 

1 January 1991 

28 58 

16 83 

i I’cbruary 1991 

26 45 

15.83 

; March 1991 

20 93 

15 96 1 

: Annual 

? 19] 75 . 

2241 53 1 


Oulpu: Charecierioiic 



; " / f'-" I ~ n ^ r' Pfi ' s 



Figure 14 Comparison of Power Curves 


4 Based on 6 MW vvindlarm with 200 kW stall regulated wind turbines and 1 2 MW 
windfarm with 200 kW pitch controlled machines 
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Tabic 8: 


Capacity 


Utilization Factor* of Windfariiis installed in India 


Site 

i 

Ciw 1C 

if\ 

ik\v> 

1988 

c y- 

f \ i 

(. )_ _ _ __i 

Mand\i I 

550 

17 78 

15.83 

13 55 

14.42 

15 39 

Tuticonn 1 

550 

16 60 

13 53 

13.66 

1441 

14 55 

Okha 

550 

17.21 

11.94 

9.73 

13 29 

13 06 

Pun I 

550 

9.3 

5 16 

1 24 

- 

5 2 

Dcogarh I 

550 

10.86 

9 7 

8 28 

7 3 

9 03 

'futicorin II 

550 

16 2 

14 3 

15 29 

16 IS 

9.03 

Kayathar lA 

1350 

- 

- 

19 33 

22 27 

20 28 

Kasathar IB 

1200 

- 

- 

- 

23 5 (90-91) 

23 5 

Mand\ 1 II 

500 


- 

- 

12.0 

12 0 

Pun II 

550 

- 

- 

- 

4.15 

4.15 

Deogad 11 

550 

- 

- 

5 65 

7 28 

6 46 

dhiLimala 

550 

- 

- 

- 

9 

9 7 

Okha Mad hi 

1800 

- 

- 

- 

12 0 

12 18 

Kheda 

500 

> 


- 

10 08 (90-91) 

10 08 

Lamba 

10000 

- 

- 

- 

9 18 (90-91) 

9 18 

ICasathar II 

6000 


- 

- 

24 81 (90-91) 

24 81 


4000 

- 

- 

- 

29 83 (90-91) 



/\l this windfarm U\o turbines 01*200 k\V each were not functioning in peak 
generation period of Juh August 

The CUP is based on actual perfoimancc^ data and is inclusi\e of downtime 
associated with failure or maintenance of gnd/turbines 




































































f 

'■‘"I 



ri 
r J 




6.0 Autonomous and Hybrid WEG 


1 he Il\'biid wind clcctiic systenis urc opcialcd with n iuci engine bnek up which cun 
either be of a capacity higher than that of the wind plantr of the same order or 
smaller I he componcnts/sub-s\ stems of the tuibine in h^blld systems aic similar 
to those of grid conneeted wind turbines described above. 'However, there arc major 
ddfcrenccs in controls, wind-fuel interphase, storage and power regulation. Storage 
IS needed to limit tlie start and stop eyeles of the fuel engine imd to ensme the 
lehabihty of supply. The autonomous systems in the stnet^'sense aie seldom used 
as some storage back up is always there. Depending upon the control strategy and 
tlic capacity of plants and storage the hybrid systems can be furthei classified into 
number ol different t>'pes of s>stems Generali}, the autonomous s\stems can be 
categoiized m ihiee broad groups 


1 ) The electrical energy is only supplied by a wind turbine 

2) fhe electrical energy can be supplied by a \\ind tuibine and/or a fuel (diesel) 

generator tvilh ah installed power of the same ordei as the installed potver of 
the wind turbine 


3) d1ie electrical energy can be supplied by a wind tuibine and/or a fuel (diesel) 
generatoi with a much larger installed power than the wind turbine. 

A bnel'description of these systems is gi\en m the follownng sections 


6.1 Autonomous System Without an Aiixiliaty Fuel Engine 

In these systems a synchionous generator is driven b>' a wand turbine and 
(here aie two possible techniques to control the fiequency of the autonomous giid 

Ulade Ihtch control In this technique the angular speed (and frequenew) is kept 
constant above ceitam wind speeds by blade pitch control, activated by 
centrifugal w'cights 

Blade Pitch CcuitioL combined with the Load control The pitch of rotor blades is 
eontioiled by a centriiugal controller via a hydiaulic system, in such a way 
that the speed of the synchronous generator is kept constant, as long as the 
demandecl power is less then the mmimal powder of the wand turbine When 
the demanded power exceeds the minimal power of the wand turbine The 
load is sw itched off by priorities until the maximum power of the wind 
turbine is more than the demand 


6.2 Autonomous Systems with a Fuel Engine Having a Rating 
Similar to that of Wind Turbine 

'fhese s> stems are designed to offer a constant supply of energy, independent 
of the W'lnd speed Such systems during operation may encounter three different 
situations 


The demand is less than the power available from wind turbine and all 
the demand powder is supplied by the wind turbine 




riic dcinandcd p()\Ncr is more Ihan Iho powci available fiom wind 
till bine and the parallel operation of wind turbine and the fuel engine 
takes place 

No wind power is a\ailable and all the power is supplied by a fuel 
engine 


The frequency control is again a major problem and the alternate e techniques 
aie 

« By means of controlling the field current of synchronous generator. 

^ By controlling the lolor slip powder of the induction generator. 

» By using dump loads. 

« Mcchanicalh \aiying the RPM of rotor to keep the frequency constant 

* By Ubing contiollable speed vaiiator which gives constant RPM on the 
output shaft 


6.3 AC Systems with Fuel Component of much Higher Rating than 
that of the Wind Turbine 


'fhese systems are not autonomous systems but supplement the diesel grid 
which is comparable wnth a strong utility giid 'fhe demanded power is always 
aieater than the power supplied by the wind turbine so there is no need for an extra 
load to control the pow'er nalance The frequency in all cases is controlled by the 
diesd's go\'einor In nearly all known systems the wand turbine drive.s an 
as\ nchi onoLis uenerator 


6.4 Storage Systems 

fhere are a number of small DC systems up to 5 kW combined with an 
m\cilcr to get AC output fhese s> stems aie composed of the following major sub- 
elements 

» a w'lnd turbine with a DC generator or an AC generator (permanent 
magnet synchronous)'with a rectifier 

0 a storage battery 

• a voltage source inverter 

Small capacity balteiy storage systems are usually used to supply DC loads 
and invcrteis arc not used 
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'The mechanical oulnul \Mnd machines arc mtxslh used for pumping ^\atc^. Direct 
shall power has also been li'icd for other applications like grinding or heat 
geneiation. While heat ^cneiation has not been found to be a \'cr\ cost effective 

wa>, the use of windmills for giinding giains which -- 

has been one of the applications oT traditional 

windmills has declined now A brief dcsciiption of lA ‘ 

these t>pes are made undei section 4 1. . 


7.1 Windpump Technology ^ - 

At present nearly all mechanical output [ 'JA" 

windmills arc used for pumping ^^ater and the system ' ^, yy”"' 

IS known as a windpump dlie most widely used ' ^ - ’-i- 

windmills are those that have horizontal axis rotois —-- 

w'lih multiple blades 'fhe rotaiy motion of the rotor 

shalt IS eoinerted to cither \ertical reciprocating !>, 

motion by \'aiious mcLhanisms oi veitical iotai\ I'ljimc i6 working >.'t a\\inu''ump 

motion using geais. The simplest technique is the 

slider crank mechanism with oi without speed reduction (b) gears) Some machines 
also use bevel gears I he veitically reciprocating pump rod is connected to a 
reciprocating pump which demands high initial torque wdicieas the\eiticalK rotating 
pump lod IS connected to either a centrifugal pump or a rotary \ane pump The 
lotarv movement of a hoiizonlal axis rotor shaft can be easily transformed into 
leciprocating movement by means of crank-connecting rod Due to the high initial 
torque demanded by a reeiprocaling pump the windmill lotoi b designed with 
multiple blades w'hieh opeiate at low tip speed ratio The staiting behmior of a 
windpump is such that it requiies a gust oi wind about 1 5 times the design wind 
speed The major sub-s} stems of a wand pump arc 

Rotor 1 he rotor of a windmill consists of lew blades (4-24) mounted on one oi tw^o 

f in^^s (depending upon dia ) and spokes which is in turn bolted to the rotor 



25 





hub. 'Fhc blades aic made of either aluminum, M.S sheets, G I sheets or 
FRP and aic llxcd aerodynamically to the roloi 'fhe rings, spokes and black 
supports are tabricated ol steel angle irons or Hats dhe rotor, however, can 
also be ol othei types like vertical axis savonius, with sail cloth bladcs'ctc.. 


Head Stiueture The head structuie of a wand mill is a steel structure usually 
fabiicated of angle irons/pipes or is casted in a foundry 'fhe rotor, tail wang 
and the power transmission components are mounted on the head structure. 


ITiin table fhe turn table made of steel is fixed to the tower and the windmill head 
stiiicturc is mounted on it The turn table transmits the load of the rotor, head 
stiueture, tail wang etc to the tower and at the same time enables the head 
stiueture to rotate about the tow^cr axis. 


l^ow'ci dowel is made of M S angles and flats oi G I. pipes and is usually made in 
two-lhiee_sections It holds the head mechanism at a height that varies from 
6 m to 15 m d'he head mechanism in turn holds the rotor, tail and other 
components Towers aic usualh' three legged or four legged lattice structures 

Pump The most widel) used wandpumps opeiatc a single acting lecipiocating 
mmp 'fhe reciprocating piston pump basicall} consists of a cylinder made of 
.irass/bron/e with oi \vithout cast-iion covering, a piston and two non-return 
\ahes fhe output from the pump is in sinusoidal pulses and sometimes air 
ehambeis aic utilized to smoothen the flow' and to reduce shock forces. The 
uppei eahe is mainly situated in the piston, the lower \alve is called the foot 
\al\e Ihe opciation is as follow'S 'fhe upper vahe closes with the upward 
imwement of the piston while the foot \alve opens so that the water above 
piston IS lifted w'liile below it suction takes place 'fhe pump discharge, 
therelore, is pulsating sinusoidal Sometimes double acting pumps arc used 
with pistons moving m opposite directions, thus delwering water during the 
gaps m the How of a single acting pump 


Gontnd and Salet\ Mechanism Wind mills aie designed/fabricated to opeiatc with 
in a particular lange ol wind speeds fhe control mechanism opeiatcs wathin 
this langc wheiein it controls the rotor speed and the safety mechanism 
opeiatcs alter the operating lange wherein it stops the operation of the system 
Autolurlmg. side vane & lardici mechanism and brake drums etc arc 
examples of control and safet\ mechanisms 


7.2 Developments & Status 

Wind pumps first arrived in the country in the 1950’s About a 100 
Australian wind pumps were imported, aimed provide drinking water After the set 
back during the industrial ievolution, wind cneigy rccehed a major thrust in the 
early 70's following the oil ciisis. Multidirectional CEZARl was developed in 1975, 
bi-dncctional y\NlLA I m 1978, the NAL-MP senes w'as developed m early 1980. 
II:RT, yMahabad with technical backup from the 'fool Foundation, The Netherlands, 
(abiicatcd the Apoly 12 PU 500 wandpump based on a dutch design This project 
was aimed at harnessing wind pow'ci for irrigational applications 

Absence ol a national progiamme was felt by this time to take this technology 
all over the countr}. 'Ihus in the beginning of 1980, MNES started nation wide 
Dcmonstiaiional Programme 'ihe 12 PU 500 wdnd pump wms selected for this 
programme mainly due to its low cost, promising tech 




Ilo\vc\ci. iho field peildnuancc of the system was not satisfactory as expected 
due to reasons - both leehnieal as well as implementing strategy wise Ihirrently the 
MNfS lias shitted to geared type dccpwell wand pumping systems 'fhis change was 
brought due the poor peiformanee of 12 PU 500 m the field even after several design 
modifications and vaiwing implementing stiatcgies Othei possible reasons are waifer 
table going deeper and deeper, the deepwell tcchnoloiZN being pi oven in the foieign 
eountiies 'fhe deferent types of wind pumps installed in the country is listed in 
table 9 and the state wise installations of geared t\pe wind pumps is as shown in 
table 10 " ' 

_ Tabic 9: Different types of wind pumps in India. 




' i;' 

f i;;. 

NO. 01 

blank's 

i. er 
ii eight 

f , 

Pump type 

rate ‘ 
of 1 

(llr'hiO 

12 PU 500 

5 0 

12 

7 

Reciprocating 

18,000 

WF 305 G 

3 05 

18 

10 

Reciprocating 

2,000 

\VF 250 G 

2 5 

12 

10 

Reciprocating 

1,500 

Gieen Re\ 
DWP 150 

3.0 

18 

10-15 

Reciprocating 

2,350 

DW 300 G 

3 0 

12 

9 

Reciprocating 

1,500 

Samiia 

7 5 

j 

6 

Centrifugal 

18,500 

Blue '1 ail 

5 0 

24 

10 

Reciprocating 

(! 

Strueon 

5 0 

24 

10 

Reciprocating 

•It 

GM-2 

3 0 

18 

10 

Rccipiocaling 


FaulI \al 

Lies not 

a\ailable 




Table 10: 

: State 

wise installation oi Geared Type Wind 

Pumps 

Si Stales 

No 


In'Jtnllod 
31.3.92_ 

as on Undei 

installation 

1 Andhra Piade 

sh 

10 

10 



Gujarat 

Karnataka 

Kerala 

Madhya Piadesh 
Maharashtia 
Rajasthan 
damil Nadu 
Uttar Pradesh 
'1 otal 


4 

10 

3 

19 

16 

50 

112 


10 

20 

15 

10 

23 

19 

60 

5 

172 


5 

10 

7 

1 

15 

68 


^SiHifaT Annual leport 1992-93 IVlNlaS 




